abstract: Recurrent pregnancy loss (RPL) is a common and distressing disorder. Chromosomal errors in the embryo are the single most common cause, whereas uterine factors are invariably invoked to explain non-chromosomal miscarriages. These uterine factors are, however, poorly defined. The ability of a conceptus to implant in the endometrium is normally restricted to a few days in the menstrual cycle. A limited 'window of implantation' ensures coordinated embryonic and endometrial development, thereby minimizing the risk of late implantation of compromised embryos. In this paper, we review emerging evidence, indicating that RPL is associated with impaired differentiation of endometrial stromal cells into specialized decidual cells. From a functional perspective, this differentiation process, termed decidualization, is not only critical for placental development but also signals the end of the implantation window and bestows on the endometrium the ability to recognize, respond to and eliminate implanting compromised embryos. Thus, we propose that spontaneous decidualization of the human endometrium, which inevitably causes menstrual shedding in the absence of a viable conceptus, serves as functional 'window for natural embryo selection'. Conversely, impaired decidualization predisposes to late implantation, negates embryo quality control and causes early placental failure, regardless of the embryonic karyotype. This pathological pathway also explains the common observation that many RPL patients seem exceptionally fertile, often conceiving within one or two cycles. Thus, as the clinical correlate of inappropriate uterine receptivity, 'superfertility' should be considered as a genuine reproductive disorder that requires targeted intervention.
Put simply, pregnancy requires little more than implantation of a developmentally competent embryo into the receptive endometrium. In many species, pregnancy is readily achieved and maintained. In humans, however, the prevalence of subfertility is high and increasing, affecting one in six couples in developed countries (Evers, 2002) . Fertility can be measured by the time taken to achieve pregnancy. Time-to-pregnancy (TTP) is expressed in monthly fecundity rates (MFRs), i.e. the probability of achieving pregnancy within one menstrual cycle. The average MFR in humans is, compared with other mammalian species, relatively low at 20% (Stevens, 1997; Viudes-de-Castro and Vicente, 1997; Evers, 2002) . On the basis of this MFR, a simple mathematical model predicts that 74, 93 and 100% of normally fertile couples will conceive in 6, 12 and 24 months, respectively. Along the same lines, moderate and severe subfertilities have been defined by MFRs of 5 and 1%, respectively (Evers, 2002) . At the other end of the spectrum, superfertility can be characterized with MFRs of 60% or more. According to this model, superfertile couples achieve 94 and 100% of pregnancies within 3 and 6 months, respectively. On the basis of the Tietze model (Tietze et al., 1950; Evers, 2002) , it has been estimated that 79% of the population is fertile, 18% subfertile or infertile and 3% superfertile.
In addition to subfertility, the incidence of embryo wastage and pregnancy loss is also extraordinarily high in humans, estimated to be 30% prior to implantation (preimplantation loss), a further 30% before 6 weeks gestation (early pregnancy loss or EPL) and 10% of clinical pregnancies, mostly prior to 12 weeks gestation (Chard, 1991; Macklon et al., 2002) (Fig. 1) . A recent study has shown that this preclinical pregnancy wastage does not present as subfertility and is therefore an additional reproductive challenge in humans (Koot et al., 2010) . Moreover, 1-2% of couples experience recurrent pregnancy loss (RPL), defined in Europe as three or more consecutive miscarriages (Jauniaux et al., 2006; Rai and Regan, 2006) . From a clinical perspective, miscarriage, whether sporadic or recurrent, is widely viewed as a dichotomous disorder, attributed either to chromosomal or other developmental abnormalities in the embryo or to uterine factors. Although numerous anatomical, endocrine, immunological, thrombophilic and genetic perturbations have been invoked to explain non-chromosomal miscarriages, none of these are specific or prevalent (Jauniaux et al., 2006; Rai and Regan, 2006) . In fact, the current paradigm of RPL and its management are firmly anchored in the conjecture that pre-existent disease, often much more relevant to subfertility, also underpins RPL.
In our clinical experience, however, many women with RPL, especially those who have experienced many consecutive losses, report exceptionally high pregnancy rates. A retrospective analysis of TTP in 560 recurrent miscarriage patients revealed that 40% could be considered as 'superfertile', here defined as a mean TTP of 3 months or less . If confirmed, the incidence of 'superfertile' patients suffering from RPL is remarkable, especially as the likelihood of conception is dependent upon many variables, including timing and frequency of coitus and the presence or absence of coexisting disorders, such as suboptimal sperm quality or ovulatory, tubal and uterine defects.
Superfertility in humans is currently only an anecdotal concept without obvious clinical connotations. Even in a broader biological context, superfertility is a rare phenomenon, ascribed only to certain breeds of sheep. For example, the Inverdale (FecXI) sheep carries a naturally occurring X-linked mutation in the BMP15 gene, which encodes bone morphogenetic protein 15, that causes an increased ovulation rate and twin and triplet births in heterozygotes (Galloway et al., 2000) . Although often referred to as superfertile, reproduction in these animals is in fact characterized by increased prolificacy, not fertility.
In the absence of informative animal models, the concept of superfertility as a pathological entity must at least have a plausible biological basis. To examine if there could be a basis for superfertility in humans, we will first discuss the two defined functional periods within the menstrual cycle, one on each side of ovulation, known to determine the rate of conception and pregnancy (Dunson et al., 1999) . These functional periods are known as the 'fertile window' and 'implantation window', respectively. However, based on our recent observations that decidualizing endometrial stromal cells serve as biosensors of embryo quality , we will then introduce a novel functional window-the window of natural embryo selectionwhich enables maternal recognition and elimination of compromised pregnancies (Fig. 2) . Moreover, we will argue that perturbations in the endometrial decidual response that underpin this novel window facilitate delayed implantation of abnormal embryos, negate embryo selection and compromise subsequent placental formation. Thus, failure to establish a functional window of natural embryo selection would result in rapid conceptions with subsequent chromosomal and non-chromosomal pregnancy failure.
The fertile window
Prospective population-based studies have shown that almost all human pregnancies result from intercourse during a 6-day interval ending on the day of ovulation (Wilcox et al., 1995) . This interval has been termed the 'fertile window' and probably reflects the Figure 1 The embryo wastage iceberg in fertile and superfertile women. The embryo wastage icebergs give an overview of the outcome of conceptions in a normal fertile population and a specific subset of a superfertile population, representing 3% of all couples. The 'sea-level' in the figure distinguishes the pregnancies lost prior to the time of the missed menstrual period and clinically recognized pregnancy losses.
Natural embryo selection and RPL effects of increasing pre-ovulatory estradiol levels on vaginal mucus, cervical opening (the so-called 'pupil sign') (Brosens et al., 2009a) and subendometrial contraction waves that permit and facilitate sperm transport through the female reproductive tract (Fig. 2 ) (Brosens et al., 1995) . The length of the fertile window varies considerably between couples and from cycle to cycle. Nevertheless, a strong inverse correlation exists between the length of the fertile window and TTP, at least in subfertile couples (Keulers et al., 2007) . Thus, theoretically, an abnormally long fertile window would increase fertilization and conception rates, thus accounting for the superfertile end of the human fecundity spectrum. However, this scenario only works if fertilization is a rate-limiting step in normal couples, an assumption that in view of the extraordinary high rates of preimplantation loss and early pregnancy failure seems unlikely.
The implantation window
Increased fertilization or conception rates, however, do not necessarily equate to increased pregnancy rates. Approximately 30% of spontaneously conceived embryos are lost prior to implantation and in excess of 50% of IVF embryos fail to implant ( Fig. 1) (Boomsma et al., 2009) . Implantation is a complex biological process that depends on two-way communication between the embryo and the endometrium (Dey et al., 2004) . This embryo -maternal dialogue requires highly orchestrated, progesterone-dependent changes in the endometrium to render it responsive to embryonic signals. Although an embryo from one species cannot implant in another (Hohn et al., 2003) , the factors that confer endometrial receptivity are thought to be highly evolutionarily conserved. Cardinal regulators of the implantation process include growth factors, cytokines and their receptors [e.g. heparin-binding epidermal growth factor (EGF)-like growth factor, leukaemia inhibitory factor, prokineticin 1 (PROK1), interleukin (IL)-11] (Stewart et al., 1992; Billinski et al., 1998; Evans et al., 2009; Lim and Dey, 2009) , cell adhesion molecules and ligands, signal intermediates and downstream transcription factors (e.g. STAT3, progesterone receptor, HOXA10, p53) (Kim and Fazleabas, 2004; Catalano et al., 2005; Nakamura et al., 2006; Hu et al., 2007; Vitiello et al., 2007) . In humans, the period of endometrial receptivity or 'implantation window' starts 6 days after ovulation and lasts no longer than 4 or 5 days (Fig. 2) (Macklon et al., 2002; Horcajadas et al., 2007) .
From a teleological perspective, a limited implantation window ensures that the embryo achieves implantation competence in synchrony with an optimal uterine environment . Indeed, different evolutionary strategies of implantation have emerged to maximize this concept for reproductive success. For instance, many mammals, including rodents, marsupials, roe deer, and the nine-banded armadillo, display delayed implantation, termed embryonic diapause, which is characterized by a temporary suspension of embryo development prior to implantation (Lopes et al., 2004) . Embryonic diapause can either be induced in response to environmental signals (facultative diapause) or occur in every gestation (obligate diapause) and is reversed when optimal environmental, metabolic and hormonal conditions are achieved.
There is, however, little or no evidence of such uncoupling of preand post-implantation development in human embryos. The prevalence of gross mitotic chromosomal errors in preimplantation human embryos is exceptionally high, even in young fertile women (Voullaire et al., 2000; Wells and Delhanty, 2000; Bielanska et al., 2002; Vanneste et al., 2009 ). In addition, human embryos give rise to deeply invading placentae. Thus, by synchronizing implantation with embryo development, a restricted period of endometrial receptivity may protect the mother from being invaded by chaotic human embryos, which have been compared from a genetic perspective with cancer cells (Ledbetter, 2009) .
There is ample clinical evidence that endometrial refractoriness during the putative window of implantation is a cause of subfertility and IVF treatment failure (Boomsma et al., 2009; Devroey et al., 2009) . In the absence of informative histological features, many investigators have adopted gene expression, and more recently proteomic profiling, to determine the 'molecular fingerprints' of receptive endometrium with a view to exploiting these for diagnostic and therapeutic Figure 2 The functional windows of the menstrual cycle essential for reproduction. The likelihood of conception is determined by highly coordinated changes in the cycling endometrium, which at a functional level are defined as the fertile window, the implantation window and the functional window of natural embryo selection. Every cycle either leads to menstruation ( 400 times in a woman's lifetime) or to pregnancy ( 2 times in a woman's lifetime).
purposes (Horcajadas et al., 2007; Brosens et al., 2010) . Because of differences in design and analyses, the results of these studies have been largely disparate, although a small number of common 'endometrial receptivity' genes has emerged (Horcajadas et al., 2007) . Alternatively, uterine cavity aspirations or flushings can be used to explore the secretory factors expressed in the uterine environment. Boomsma et al. (2009) have shown that the expression profile of putative markers of receptivity, such as tumour necrosis factor (TNF)-a and IL-1b, in endometrial secretions aspirated prior to embryo transfer is predictive of successful implantation. Although these analyses are informative, they are not yet predictive enough to be introduced in routine clinical practice.
The corollary of a restricted implantation window implies that the persistent expression of a receptive phenotype will increase implantation rates, albeit at the expense of embryo quality control and optimal embryo-maternal interactions (Fig. 1) . In other words, although unravelling the molecular repertoire that confers endometrial receptivity is important in the context of subfertility, understanding the signals that terminate the window of implantation may be equally important to prevent EPL. In human beings, as well as in the handful of other menstruating species, the end of the implantation window 10 days after ovulation coincides with the extraordinary transformation of endometrial fibroblast into secretory, epithelioid decidual cells (Brosens et al., 1999; Gellersen and Brosens, 2003; Gellersen et al., 2007) . Moreover, strong experimental evidence has emerged to show that factors secreted by decidual cells, such as LEFTY-A (also known as endometrial bleeding-associated factor), terminate the window of implantation in fertile women and compromise endometrial receptivity in subfertile patients (Tabibzadeh et al., 2000; Cornet et al., 2002) .
The window of natural embryo selection
Once the luminal epithelium is breached, most implanting mammalian embryos will trigger a maternal decidual response. The situation in human beings differs, in that the decidual transformation of the endometrium is primarily under maternal control and initiated in the midto late secretory phase of each cycle, irrespective of the presence or absence of a pregnancy. Decidualization bestows unique characteristics on the endometrium essential for placenta formation, including the ability to regulate trophoblast invasion, to modulate local vascular and immune responses and to resist environmental and oxidative stress (Fig. 3) (Kajihara et al., 2006; Gellersen et al., 2007; Leitao et al., 2010) . Depending on severity, failure to express an adequate decidual phenotype inevitably either results in EPL or predisposes to obstetrical complications associated with impaired placental function, such as pre-eclampsia, fetal growth restriction and preterm birth (Brosens et al., 2002; Norwitz, 2006; Brosens et al., 2009b) . Further, once the decidual process is initiated, the integrity of the endometrium becomes entirely dependent on continuous progesterone stimulation. Consequently, falling progesterone levels in the absence of pregnancy trigger a cascade of events that results in proteolytic breakdown of the decidualizing superficial endometrium, focal bleeding, cell death and, ultimately, menstruation (Salamonsen and Woolley, 1999; Jabbour et al., 2006; Catalano et al., 2007) .
The question arises as to what the purpose of the emergence of cyclic decidualization in the absence of pregnancy could have been, especially when the only overt consequence is repeated, and often punitive, menstrual events? One possible answer to this fundamental question is provided by the 'menstrual preconditioning' hypothesis, a novel concept based on three key observations. First, it is striking that reproduction in human beings has evolved in ways that ensures that cyclic menstruation virtually always precedes pregnancy. For example, human beings do not exhibit overt oestrous behaviour, have a limited fertile window and concealed ovulation, lack embryonic diapause and over 90% of all menstrual cycles in very young adolescent girls are anovulatory (Apter and Vihko, 1977; Venturoli et al., 1992) . Second, cyclic endometrial decidualization followed by menstrual shedding is confined to species where placenta formation entails deep trophoblast invasion of maternal tissues and its vasculature (Brosens et al., 1967; Pijnenborg et al., 1981) . Both menstruation and pregnancy are inflammatory conditions that cause a degree of physiological ischaemia-reperfusion tissue injury, albeit much more so in pregnancy (King and Critchley, 2010) . Third, repetitive brief exposures of any organ to a harmful stimulus at a dose below the threshold for tissue injury provide robust protection against, or tolerance to, the injurious effects of a subsequent more severe insult. This paradoxical yet ubiquitous biological phenomenon is termed 'preconditioning' (Jennings et al., 1990; Otani, 2008) . Put together, these observations indicate that cyclic decidualization of the endometrium followed by menstrual shedding preconditions protects uterine tissues from the profound hyperinflammation and oxidative stress associated with deep trophoblast invasion during pregnancy (Brosens et al., 2009b) .
Serendipitously, we recently obtained evidence in support of an alternative explanation for the emergence of cyclic decidualization in the absence of pregnancy, which relates to the unique human challenge of coping with the extraordinarily high prevalence of developmentally compromised but invasive embryos. We used a validated human co-culture model, consisting of hatched blastocysts cultured on decidualizing endometrial stromal cells, in an attempt to identify key factors involved in the embryo-maternal cross-talk in early pregnancy. To do this, co-culture supernatants were collected after 3 days and the levels of a host of putative implantation cytokines, growth factors and chemokines measured and compared with the levels produced by decidualizing endometrial stromal cells in the absence of an embryo . The results were disappointing in so far that developing human embryos had no detectable effects on the decidual secretions, bar for a modest decrease in IL-5 expression. However, a phenomenal response was noted when embryos became compromised during the co-culture period. When the blastocyst appeared morphologically to be arresting, the decidualizing cells responded by shutting down the production of key implantation mediators and immunomodulators, which included IL-1b, -6, -10, -17, -18, eotaxin and heparin-binding EGF-like growth factor. The response of decidual cells was selective as the presence or absence of a developmentally compromised embryo had no effect on IL-12, -15, TNF-a, monocyte chemotactic protein-1 or chemokine (C -X-C motif) ligand 10 production . We then went on to repeat the co-culture experiments, but this time with endometrial stromal cells which had not been decidualized, and found that the blastocyst no longer triggers a maternal response, irrespective of whether the embryonic development in culture was normal or not. In other words, human endometrial stromal cells are biosensors of embryo quality but only upon differentiation into decidual cells (Fig. 2) (Teklenburg et al., 2010) .
These unexpected observations raise a number of important questions. For example, what is the nature of the signals emanating from compromised embryos? And what is the mechanism that allows human endometrial cells to sense and respond to this signal upon decidualization? These questions remain as yet unanswered. Nevertheless, the widely held view that developmentally compromised embryos are biologically inert, and therefore irrelevant, is pertinently wrong. In fact, it is well established that compromised embryos are metabolically hyperactive (Leese et al., 2007) and the degree of amino acid turnover has recently been linked to the cytogenetic composition and health of human preimplantation embryos (Picton et al., 2010) . Further, the notion that maternal decidual cells mount a tailored response to individual embryos may in fact be a highly conserved reproductive feature. For example, a recent study in the bovine demonstrated that endometrial gene expression varies dramatically in response to implantation of an embryo conceived in vivo, after IVF or following somatic cell nuclear transfer (Mansouri-Attia et al., 2009).
In summary, we propose that spontaneous decidualization during the mid-secretory phase of the cycle is a unique evolutionary adaptation that, on the one hand, serves to recognize and eliminate unwanted implanting embryos and, on the other, prepares the uterus for deep placentation in pregnancy by triggering cyclic menstruations. At first glance, these proposed functions of the decidual process, natural embryo selection and uterine preconditioning, may appear disparate but both mechanisms must clearly work hand in glove to ensure reproductive success.
Impaired natural embryo selection and RPL
As outlined, failure to establish a functional window of natural embryo selection would account for the pathological association between superfertility and persistent pregnancy loss (Fig. 2) . In fact, the concept of impaired embryo selection underpinning miscarriages is not new. Wilcox et al. (1999) , studying a cohort of 221 fertile couples, demonstrated a dramatic increase in the risk of an early loss if the pregnancy was established beyond the normal 'implantation window'. This in turn fits well with the finding of another population study, demonstrating that rapid conceptions are associated with increased risk of EPL (Wang et al., 2003) . Thus, even in unselected low-risk populations, there is evidence, albeit circumstantial, to suggest that inadequate embryo selection, reflected by short TTP, contributes to sporadic miscarriages.
Biological evidence in support of the lack of embryo selection has come from endometrial studies in recurrent miscarriage patients. Comparative analysis of timed mid-secretory endometrial biopsies showed that RPL is associated with reduced epithelial secretory function, altered uterine fluid composition and lower expression levels of mucin 1, an anti-adhesion molecule that contributes to the barrier function of luminal epithelium (Serle et al., 1994; Hey et al., 1995; Aplin et al., 1996) . These initial observations, which focused on epithelial cell function and markers of uterine receptivity, led to the hypothesis that RPL is primarily caused by failure of natural embryo quality control (Quenby et al., 2002) . In other words, embryos that are destined to fail are allowed to implant.
Although the endometrial luminal epithelium is the primary barrier in the implantation process, the progesterone responses in this cellular compartment that underpin the receptive phenotype are mediated by signals derived from the underlying stromal cells (Simon et al., 2009) . Moreover, although dysregulation of epithelial receptivity markers may account for the excess of genetically abnormal pregnancies in RPL patients, it does not explain why many affected women will experience a mixture of chromosomal and non-chromosomal losses (Christiansen et al., 2008) . Our observation that endometrial stromal cells function as biosensors of embryo quality upon decidualization provides the possible 'missing link', as it associates lack of embryo selection with subsequent impaired placentation, irrespective of the intrinsic developmental potential of the conceptus. Notably, differentiating endometrial stromal cells produce factors, such as IL-11 and IL-15, responsible for the recruitment and programming of specialized uterine natural killer (uNK) cells (Dimitriadis et al., 2000; Kitaya et al., 2000; van den Heuvel et al., 2005) . Ever since Sir Peter Medawar first posed the problem of the fetus-as-allograft in 1953 (Medawar, 1953) , there have been numerous attempts to establish an immunological basis for persistent pregnancy failure, with much of the work focused on uNK cells (Dosiou and Giudice, 2005; Croy et al., 2006; Hiby et al., 2008) . A detailed discussion of uNK cells in RPL is beyond the scope of this article, although it is fair to state that no causal links have as yet been established (Quenby et al., 2009) . Perhaps, this is not unexpected as immunological adaptation of the uterus to the feto-placental semi-allograft is, unlike cyclic decidualization and menstruation, an evolutionary-tested phenomenon that occurs in all mammalian species with an invading conceptus.
Evidence that the ability of endometrial stromal cells to express a decidual phenotype is impaired in RPL came from a series of deceptively simple experiments that measured the expression of two marker genes . The first marker gene was PROK1, which encodes PROK1, a recently discovered cytokine that promotes endometrial receptivity and embryo-uterine interaction via induction of leukaemia inhibitory factor in endometrial epithelial cells (Evans et al., 2009) . The second marker was prolactin (PRL), which is the prototypic marker of decidualizing endometrial stromal cells (Hochner-Celnikier et al., 1984; Brosens et al., 1999; Cloke et al., 2008; Lynch et al., 2008) . PRL in differentiating endometrial cells is transcribed from an alternative promoter upstream of a noncoding exon, located 6 kb upstream of the pituitary-specific transcriptional start site (DiMattia et al., 1990; Gellersen et al., 1994) . Interestingly, the key regulatory region of the decidua-specific PRL promoter is a transposon, termed MER20, which emerged in evolution upon divergence of eutherian (placental) from non-placental mammals (Lynch et al., 2008; Wagner and Lynch, 2010) . Transcript levels of both marker genes were first determined in endometrial biopsies, timed to span the implantation window, from RPL patients and controls, consisting of either fertile or infertile women without a history of recurrent pregnancy failure. Compared with controls, RPL was associated with significantly higher endometrial PROK1 mRNA levels and, strikingly, with 100-fold lower PRL transcript levels .
Increased endometrial PROK1 and decreased PRL levels fit well with the concept that enhanced uterine receptivity but decreased embryo recognition and selection underpin RPL. Intuitively, the results seem to suggest that the regulatory signals that control differentiation of endometrial stromal cells into specialized decidual cells are perturbed in RPL. Decidualization is first apparent 10 days after ovulation, indicating that progesterone is not the primary trigger of this differentiation process. Instead, there is overwhelming evidence that initiation of the decidual process is dependent on elevated levels of the second messenger cAMP (Telgmann et al., 1997; Brosens et al., 1999; Jones et al., 2006) , which is accounted for by increased expression of local factors that activate adenylate cyclase in stromal cells (e.g. relaxin, corticotropin-releasing hormone and prostaglandin E 2 ) and the simultaneous down-regulation of PDE4, a phosphodiesterase family member that converts cAMP back to AMP (Bartsch et al., 2004) . Upon continuous cAMP stimulation and protein kinase A activation, endometrial stromal cells become first responsive and then dependent on steroid hormones, foremost on progesterone but also on androgens (Brosens et al., 1999; Cloke et al., 2008) . Thus, theoretically, perturbation in one or more of the endocrine or paracrine signals involved in regulating the decidual phenotype could be causal to RPL. Alternatively, subtle differences in the timing of the endometrial biopsies could conceivably also account for the differential expression of PROK1 and decidual PRL in RPL and non-RPL patients.
However, a second set of experiments demonstrated that the dysregulation of the decidual phenotype in RPL was neither the consequence of sampling errors nor the results of an altered endocrine environment. These experiments were inspired by recent studies on endometriosis, demonstrating that purified eutopic endometrial cells from affected patients continue to respond differently to hormonal stimuli when compared with primary cultures from disease-free controls (Klemmt et al., 2006; Minici et al., 2008; Aghajanova et al., 2010) . Briefly, we obtained endometrial samples randomly in the cycle from RPL and non-RPL patients, purified the stromal cells, passaged the cultures once and then decidualized the cells in vitro in a time course lasting 8 days . PROK1 and PRL mRNA levels did not differ between the two groups in undifferentiated cells or in cultures decidualized for 2 days. However, after 4 days of differentiation, the rise in PRL transcript levels was several magnitudes higher in the control group when compared with RPL samples. PROK1 levels continued to rise with comparable kinetics in all decidualizing cultures until Day 8 when expression in the control but not RPL group declined markedly. Thus, the perturbed PROK1 and decidual PRL expression in secretory endometrium in vivo was perfectly recapitulated upon decidualization in primary cultures from RPL patients, even when the cultures were established from biopsies taken randomly in the cycle. In addition to attenuated PRL production and prolonged and enhanced PROK1 expression, we also found that RPL is further associated with a complete dysregulation of both markers upon treatment of primary cultures with human chorionic gonadotrophin, a glycoprotein hormone abundantly expressed by the implanting embryo .
Thus, rather than being caused by perturbations in maternal or embryonic signals, RPL appears to be a consequence of the intrinsic failure of endometrial stromal cells to express an appropriate decidual phenotype. However, even after three consecutive miscarriages, many RPL patients will ultimately achieve a successful pregnancy (Rai and Regan, 2006) , suggesting that this intrinsic failure may relate to a modifiable programming event in endometrial cells, as suggested by the 'menstrual preconditioning' hypothesis (Brosens et al., 2009b) .
Sustained programming of cellular responses likely involves epigenetic changes like DNA methylation or post-translational histone tail modifications. Interestingly, inflammatory signals are important epigenetic modifiers (Backdahl et al., 2009) , which raise the possibility that the tissue trauma associated with menstrual events between pregnancies may provide cues that dynamically modulate subsequent decidual responses in the endometrium (Munro et al., 2010) . Perhaps, the most compelling evidence that inflammatory signals modify endometrial differentiation responses has come from the baboon model of endometriosis. Kim et al. (2007) demonstrated that induction of endometriosis and chronic inflammation in this model resulted in a gradual decrease in endometrial HOXA10 expression, a homeobox transcription factor involved in endometrial development and differentiation. Importantly, this down-regulation was only significant 6-12 months after the induction of endometriosis and corresponded to increased methylation of the proximal promoter of the HOXA10 gene. In fact, the ability of local tissue injury to modify subsequent decidual responses has been long recognized and increasingly exploited for clinical purposes. Karow et al. (1971) reported that an endometrial biopsy decreases subsequent miscarriage rates, especially in subfertile patients, a finding confirmed in several more recent observational studies (Barash et al., 2003; Zhou et al., 2008; Karimzadeh et al., 2009; Narvekar et al., 2010) .
Conclusions and perspective
The efficacy of human reproduction is unequivocally constrained by the high prevalence of chromosomal errors in preimplantation embryos and the requirement of the conceptus to establish a deeply invading placenta for survival. We propose that the emergence of cyclic decidualization of the endometrium, which is inextricably linked to menstruation, is not an unfortunate evolutionary 'accident' but the adaptive maternal response to these embryonic innovations (Haig, 1993 (Haig, , 1996 . We have coined the term 'window of natural embryo selection' as it reflects the functional role of the decidualizing stromal cells in assessing the quality of embryos that have breached the luminal epithelium. Moreover, the decidual process plays a role in terminating the window of endometrial receptivity and enables the mother to dispose compromised embryos by inducing menstruation-like tissue breakdown and shedding upon falling progesterone levels (Promislow et al., 2007) . Importantly, the ability of the human endometrium to mount an adequate decidual response for pregnancy may neither be innate nor solely dependent on the right endocrine and paracrine cues. Instead, repeated inflammatory events and tissue trauma, such as cyclic menstruation and even early pregnancy failures, may play a major role in sensitizing uterine tissues to decidualizing signals (Brosens et al., 2009b; Salker et al., 2010) .
Lack of natural embryo selection inevitably causes biological superfertility, characterized by prolonged endometrial receptivity, inadequate decidualization of resident stromal cells and a dysregulated maternal response to embryonic signals. A substantial proportion of affected patients will report persistent short TTP, whereas others will not or may suffer from subfertility, depending on the presence or absence of concurrent reproductive disorders .
The concept of a window of natural embryo selection during the cycle emphasizes the need for human models to study early implantation events and reproductive failure, and cautions against uncritical extrapolations of findings in animal models, such as the mouse (Teklenburg and Macklon, 2009 ). More importantly, lack of embryo selection, i.e. biological superfertility, provides a single pathological pathway to explain chromosomal and non-chromosomal pregnancy failure and correctly predicts the association between miscarriage and late obstetrical complications in subsequent ongoing pregnancy caused by impaired deep placentation (van Oppenraaij et al., 2009) . At the same time, it explains why miscarriage in many patients tends to be a transient disorder, often resolving spontaneously, even after three or more consecutive losses (Rai and Regan, 2006) . Finally, and potentially far-reaching, the natural human embryo selection paradigm infers that early pregnancy complications may be preventable by targeting the endometrial decidual response prior to pregnancy or immediately after implantation. In fact, many drugs currently employed in the management of RPL, such as progesterone, weak androgens like dehydroepiandrosterone, glucocorticoids and even heparin, directly modulate the decidual process (Brosens et al., 1999; Cloke et al., 2008; Gleicher et al., 2009; Fluhr et al., 2010) . Whether or not these drugs, alone or in combination, are truly effective may foremost lie in the timing of their administration.
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